ABSTRACT-The effect of burial due to sudden sediment loading was examined in a mixed Philippine seagrass meadow through the experimental deployment of sediment (0. 2. 4 , 8, and 16 cm deposited over the experimental plots). The responses in shoot density, vertical growth, and branching of the species present were assessed 2. 4, and 10 mo following disturbance. Shoot density responses were strongly species-specific. The large Enhalus acoroides maintained shoot density at all burial treatments, and only showed evidence of decline by the end of the expenment. Thalassia hempnchiiand, to a lesser extent. Cymodocea rotundata showed a sharp decllne In shoot density even at moderate burial treatments, from which they faded to recover. The accompanying species (Halodule uninervis, Syringodiurn isoetifolium, and Cyrnodocea serrulata) showed an initial decline In shoot density followed by recovery. The small Halophila ovalis showed an opportunistic growth in plots receiving intermediate (buried by 4 and 8 cm sediment) disturbance, reaching shoot densities well in excess of those on control plots. The results suggest a pattern of species loss following disturbance by sediment burial corresponding to the sequence, T hemprichii + (C. rotundata. S. isoetifolium, H uninervis) + C. serrulata + E. acoroides. Vertical growth increased significantly for all species with differentiated vertical shoots, except C, serrulata. The examination of the time course of vertical growth imprinted on the shoots of the dominant species, T hemprichii, revealed a rapid response to bunal through increased internodal length, which was maintained over 8 mo following the disturbance. The resulting cumulative vertical growth along the experiment was linearly correlated with the degree of burial in~posed on the plants. Branching of vertical shoots also increased significantly (73 to 96%, depending on the species) with burial. Experimental burial induced changes in shoot age distribution of some of the species, involving rearrangements, through selective mortality or recruitment, of the contribution of young shoots to the populations. The results obtained show major differences in species response to small-scale disturbance, closely linked to predictions derived from consideration of species growth rate and size, and provide evidence of the importance of small-scale disturbance in the maintenance of multispecific seagrass meadows.
INTRODUCTION
Physical disturbance is considered one of the main factors that determines the spatial structure and species diversity of seagrass meadows (den Hartog 1971 , Shepherd 1981 , Clarke & Kirkman 1989 . Seagrasses growing in tropical coastal waters often experience disturbances induced by tropical storms that are believed to be major factors in the dynamics of these seagrass meadows (Birch & Birch 1984 , Eleuterius 1987 , Williams 1988 , Clarke & Kirkman 1989 , Poiner et al. 1989 , Tilmant et al. 1994 , Preen et al. 1995 . Besides the loss of plant biomass, the turbulence generated by these storms causes large-scale sediment redistribution, which buries adjacent meadows (Marba et al. 1993 , Preen et al. 1995 . The effects of tropical storms on sediment redistribution may be exacerbated by the discharge of sediments in coastal areas experiencing significant land erosion (Preen et al. 1995) . In addition to land erosion, episodic largescale sediment deposition in the coastal zone also results from transport of sediments produced during landslides and residues from mining activities during the heavy rainfalls that accompany tropical storms. In addition to large-scale disturbance, the activity of burrowing organisms (e.g. burrowing shrimps) can also lead to important sediment redistribution at the local scale (Suchanek 1983 , Ward 1989 , Ziebis et al. 1996 .
The response of seagrass meadows to the disturbance generated by sediment redistribution has been described only through qualitative observations or from h~storical reconstructions. The accounts available indicate that these disturbances cause substantial mortality, followed by a n apparent enhancement of the growth of the few surviving plants, and a differential capacity for recovery among the different species (Bircn & Birch 1984 , Eieuierius 1987 , Cidrke & Kirkman 1989 , Poiner et al. 1989 , Preen et al. 1995 .
Mixed seagrass communities in SE Asia typically comprise up to 13 species, ranging broadly in size from small I<zl~phi!a sp. :o :he !;rgc E.ahn!us accrc:dcs (Brouns 1987b , Poiner et al. 1989 , Fortes 1994 . Comparative analysis of the size, architecture, and growth rate of these species (e.g. Brouns 1987a , Vermaat et al. 1997 has permitted the development of hypotheses on the relative capacity of each species to survive and recover from disturbance. Some of the species, such as E. acoroides, are sufficiently large a s to maintain abundant photosynthetic surface even after large-scale burial. Species of intermediate size, such as Thalassia hempnchii, can be greatly shaded and buried by sediment redistribution. However, many of these species have short shoots that grow vertically allowing some compensatory growth response after burial (e.g. Marba et al. 1993 , 1994 , although the importance of vertical growth varies considerably among species (cf. Vermaat et al. 1995) . Lastly, relatively smaller species (e.g. Halophila spp., Halodule spp., and Syringodium spp.) can b e decimated by even a modest burial, but grow fast (Duarte 1991) and may be able to quickly recover following disturbance (Eleuterius 1987 , Williams 1987 , 1990 , Poiner et al. 1989 .
These considerations lead us to hypothesise that the mortality induced by burial should increase with decreasing seagrass size, whereas the capacity to recover from this catastrophic mortality should also increase with decreasing seagrass size. As a consequence, seagrass species with intermediate sizes are expected to experience substantial mortality and also require comparatively long times to recover, being, therefore, the species most heavily influenced by the disturbance associated with sediment burial. These predictions can be used, if experimentally validated, to forecast the effects of disturbances, both natural and man-made, on seagrass ecosystems, or to infer the frequency or extent of disturbance from the species composition of meadows.
Here, we provide a first test of the response of a SE Asian seagrass meadow to small-scale expenmental burial, with a n emphasis in testing the predictions on the differential response of species with contrasting size and growth capacity. We do so in a mixed Philippine seagrass meadow (Silaqui Island, Cape Bolinao, cf. Vermaat et al. 1995) . The meadow selected for the experiment contains 7 species encompassing the full range of sizes present in the seagrass flora (cf. Duarte 1991) allowing for the comparative examination of their response to experimental burial. Further, this meadow is a good representative of the multispecific meadows that characterise SE Asia seagrass flora (Brouils i987b, Poiner et al. 1989) .
MATERIAL AND METHODS
The experimental burial was performed in a seagrass meadow located in the reef flat between Silaqui and Santiago islands (16' 26.35' N. 119" 55.46 ' E), Bolinao, Pangasinan, The Philippines (cf. Fig. 1 in Vermaat et al. 1995) . The meadow is dominated by Thalassia hemprichii (Ehrenberg) Ascherson, with a significant contribution to biomass and production of Enhalus acoroides (L. f.) Royle, and Cymodocea rotundata Ehrenberg & Hemprich ex Ascherson. Other seagrass species present with a smaller share of community biomass and production are: Cymodocea serrulata (R. Brown) Ascherson & Magnus, Halodule uninervis (Forsskal) Ascherson, Syringodium isoe@folium (Ascherson) Dandy, and Halophila ovalis (R. Brown) Hooker f. (Vermaat et al. 1995) . All of the species present in the meadow may b e found within a 0.25 m2 plot, although the density of some of the species shows considerable patchiness.
Each experimental unit was circular in shape and had a surface area of 0.5 m2. The experimental units were delimited by a galvanised iron sheet frame anchored by 4 iron pegs. The frames penetrated 2 cm into the sediment and extended at variable heights (2, 4, 8, and 16 cm) over the sediment, depending on the burial treatments they received. The experiment followed a complete randomised block design with 3 random blocks separated 10 to 15 m from each other, and 5 burial levels [0 (background siltation rate), 2, 4 , 8 and 16 cm above the sediment surface]. Hence, the total number of frames set up was 45 (5 treatments X 3 blocks X 3 replicates per block). The frames of the 0-burial experimental units extended 2 cm above the sediments to control for the effect of the frames. On May 13, 1995, the density of seagrass shoots in each of the frames was estimated by counting all of the Enhalus acoroides shoots present, and the number of shoots of other species in at least ten 10 X 10 cm cells within a 50 X 50 cm quadrat placed inside each experimental unit. The rhizomes connecting shoots inside experimental plots with those outside were not severed to avoid artifacts, such as an increased mortality and reduced growth due to damage to the rhizomes (Terrados unpubl, results), which are not damaged in a similar way under natural burial. On 14 May, 1995, burial was effected by filling the frames with sediment up to the brim. The experimental sediment was a 2:l mixture of sand and mud collected at a nearby beach and a river mouth, respectively. This mixture was used to mimic the likely type of sediment that would be delivered to the seagrass meadow by a major disturbance (e.g. tropical storm, typhoon, monsoonal flood), which causes both flooding of rivers and sediment resuspension.
Seagrass response to burial was assessed by harvesting one experimental unit for each treatment per block in July and September 1995, and March 1996. Natural processes, predominantly sediment reworking by burrowing shrimps and resuspension, altered the sediment levels at the experimental units, tending to homogenise sediment levels with time. We made no effort to maintain the initial experimental sediment levels, since we intended to mimic the effect of a disturbance event, not that of sustained burial.
We assessed the effect of burial on seagrasses in different ways. We followed the changes in shoot density of the different seagrass species with time, a s well as the age distribution of the vertical shoots (only for the first harvesting period). Shoot density was estimated, following the procedure outlined above, at each of the 3 harvest periods, with the exception that whenever the treatments had caused large mortality, all of the shoots present inside the frames were counted to estimate shoot density. The age distribution of the shoots was established by determining the age, as the sum of the number of leaf scars and standing leaves , of all shoots present in the plots harvested 2 mo following the application of experimental burial. Responses in the vertical growth of the species, the most prominent response of seagrasses to burial , were assessed by measuring the length of the vertical rhizome internodes produced by the plants after the experimental burial . To establish this, we harvested a sample of the plants present in each of the quadrats either by hand or using a stainless steel corer of 20 cm in diameter (n = 10). The length of the leaf sheath, which has also been shown to increase in response to burial , was also measured in the shoots harvested. We also monitored responses in other traits, such a s the size (one-sided surface, cm2) and specific weight (g dry weight cm-') of the leaves in each shoot, and the number and type (horizontal, vertical) of branches produced on the leaf shoots since the burial treatment was applied.
At the end of the experiment (i.e. March 1996) we also measured the sequence of internodal length along the life span of the leaf shoots of Thalassia hernprichii, the longest-living seagrass with vertical shoots present. These measurements, performed under a dissecting microscope as described in Marba et al. (1993) , provided a finer-resolution [ l plastochrone interval (PI) = 9.4 d ; Vermaat et al. 1995 Fortes unpubl, data] of the time course of vertical growth in response to burial. The sequence of internodal lengths was examined for all of the harvested T. hemprichii shoots older than 50 leaf PIS (about 1.8 yr), which comprised between 3 and 9 shoots per treatment. The number of shoots of the other, shorter-lived seagrass species that survived throughout the experiment was not sufficient to reliably allow comparison of the internodal sequences between treatments. The digitised internodal sequences were first smoothed, using a running average of 5 internodes (i.e. about 55 d ) , to remove short-term variability , and the smoothed sequences were subsequently combined to derive the average length of each internode for each of the treatments. The absolute time encompassed by the time series of vertical internodal length is only approximate, since we did not test whether the duration of a plastochrone interval changes with burial. The cumulative response in vertical growth of the buried plants was further assessed from the excess vertical growth over the control plants (i.e. the difference between the sum of internodal lengths for the treatment agd control T. hemprichii shoots).
The effect of burial on leaf shoot denslty was tested using ANCOVA, with burial treatment and harvest time a s independent variables, and the density in control plots at the time of harvest a s a covariate to control for patchiness a n d seasonality in shoot density. Differences in shoot age distribution between treatments were tested for using the non-parametric KolmogorovSmirnov test. The effect of burial on the vertical growth of the different seagrass species (expressed a s the mean length of the rhizome internodes produced by the vertical shoots during the experiment) was assessed 2 mo after the burial of the plants, using ANOVA. Prior to the statistical analysis the data were tested for normality and homoscedasticity. The data were transformed to fulfil1 the assumptions of ANOVA. Whenever transformation did not meet the parametric assumptions, a Kruskal-Wallis non-parametric ANOVA instead of the parametric analysis was used.
RESULTS
Examination of the time course of shoot density on control plots revealed substantial temporal variations in some of the species present (Figs. 1 & Z) , which may reflect seasonality as observed in the past (N. S. R. Agawin, J. Uri & M. D. Fortes unpubl. results). These temporal differences were particularly evident for Syringodium isoetifolium, Halodule uninervis, and Cymodocea serrulata, and there was no evidence of such seasonality for C. rotundata. In contrast, Enhalus acoroides showed a trend towards increasing shoot density in control plots over the initial 4 mo of the experiment (Fig. 1) . The spatial distribution of all the species was patchy and resulted in great varlance in shoot density estimates and a limited power to detect significant responses to buriai ( serrulata, Syringodiurn isoetifolium, Halodule uninervis, and Halophila ovalis. Shoot density in plots subject to different burial treatments in the different periods examined. Error bars indicate * SE of the mean important for the small Halophila ovalis, reflected in a greater variablllty in initial density between plots (coefficient of variation = 167%) compared to that of the other species (coefficient of variation < 100%). The changes in shoot density in response to burial were species-specific. The effect of burial on Enhalus acoroides varied along the experiment, with the plants showing a significant reduction in shoot density only by the end of the experiment (ANOVA, only data at the final harvest, F= 3.6148, p = 0.0296; Fig. 1 ). In contrast, the dominant species, Thalassia hempnchii, showed a significant decline in shoot density with increasing burial (Fig. 1, Table 1 ). Most of the small species showed an initial decline in shoot density at high burial treatments, which was opposed in some of them (e.g. Halodule uninervis, Syringodium isoetifolium, Cymodocea serrulata) by a tendency to recover with increasing time since the disturbance (Fig. 2) . C. rotundata showed no such capacity to recover over the time span of the experiment, with the species being lost from the high burial treatments (Fig 2) . The small (Fig. 2) . These changes in shoot density resulted in significant responses of shoot density to burial for T, hernprichli, S. isoetifolium, H. uninervis and H. ovalis, with E. acoroides and H. uninervis also showing a significant interaction between burial and time (Table 1) . However, the interactions between burial and time resulted from different responses for these species, with E. acoroides becoming increasingly depleted with time ( Fig. l ) , whereas H. uninervis showed a tendency towards recovering with time (Fig. 2) .
Burial had effects on the age distribution of the shoots shortly after the initiation of the experiments. The age distribution of Thalassla hemprichii shoots differed between control and disturbed plots (Kolmogorov-Smirnov test, p < 0.03), with a tendency towards a selective loss of young ( < l yr) shoots involving a somewhat reduced recruitment (Fig. 3) . The age distribution of Syringodium isoetifolium and Halodule uninervis shoots also changed significantly with burial (Kolmogorov-Smirnov test, p i 0.03), involving a relative increase in recruitment of young ( < l yr) shoots and a more complex age-dependent response to burial, respectively (Fig. 3) . No significant difference in age distribution between control and disturbed plots was observed for either of the Cymodocea species. The length of the vertical internodes produced during the experiments increased significantly with the extent of burial in some of the species support~ng vertical growth (i.e. all except Halophila ovalis and Enhalus acoroides, cf. Duarte et al. 1994 , Vermaat et al. 1995 (Table 1 ). The increase was greatest for Cymodocea rotundata, where internodes grew about 3-fold longer in response to 4 or 8 cm of burial (Fig. 4) , while C, serrulata showed no response to burial. Thalassia hempnchji, Syringodium isoetifoljum, and Halodule uninervis showed significant, but modest increments in the length of their vertical internodes with maxima at 8, 4 and 8, and 2 cm of burial, respectively (Table 1 ,  Fig. 4) . The fact that maximal internodal lengths are reached at different burial treatments for different species is likely associated to the stress imposed by high sediment burial on some species (as evidenced from sharp mortality), which may have prevented further growth responses in internodal length at higher burial levels. Examination of shoot size (one-sided surface, cm2), sheath length and leaf specific weight (g dry weight cm-2) showed no apparent response to burial throughout the experiment. The branching frequency of the vertical shoots of all species with enough survivors to allow reliable estimation of this parameter increased greatly (3-to S-iuidj in response io burial (Fig. 4 ) . Branching produced both horizontal and vertical rhizomes, although the latter were produced more frequently (73% for T, hemprichii, 81 % for S. isoeti- The increased shoot vertical growth evident after 2 mo was sustained for longer terms by some of the species. Thalassia hemprichii maintained higher vertical growth in respon.se to burial over 4 mo, although the internodes produced just before the final harvest (i.e. 10 mo after the burial was applied) did not differ significantly among treatments (Fig. 5) . Examination of the time series of the average internodal length produced by T hemprichii shoots showed a clear increase in internodal length in response to burial (Fig. 5) . The average length of the internodes produced between 10 and 35 PIS (i.e. about 100 and 350 d) before the end of the experiment increased with increasing burial (Fig. 5) , indicating that the growth response to the disturbance extended over about 8 mo. The response is already evident in internodes present at the time burial was applied (Fig. 5) , consistent with the observations that seagrass internodes continue to elongate for some tlme after they are initially formed ). The differences among treatments in the average length of the internodes produced 8 mo after the initiation of the experiment (about 15 PIS before final harvest) were, however, much smaller or nonexistent (Fig. 5) . Integration of the vertical growth the T, hemprichii shoots produced over the length of the experiment revealed growth to be strongly correlated with the burial treatment applied. The cumulative vertical growth in response to burial was closely correlated (r = 0.98, p < 0.002), albeit not equivalent, to the depth to which the plants were buried, with cumulative vertical growth representing, on average, a third of the thickness of the sediments distributed over the plants. 
DISCUSSION
The results obtained clearly demonstrate that the response of a mixed community to the disturbance induced by sudden burial is species-specific. The net mortality differed greatly among species, with the largest species, Enhalus acoroides, remaining virtually unaffected by even the greatest burials. There was, however, some response of this species by the end of the experiment, suggesting that the duration of the experiment may have been insufficient to fully establish the response of this slow-growing species. In contrast, the dominant species, Thalassia hemprichii, declined quickly in response to burial. Most of the small species also showed an initial decline, but were able to recover within the time span of the experiment (about 1 yr). The results of the experiment, therefore, suggest a pattern of species loss upon perturbation following the sequence (from the first species to be lost to the most resistant species): T. hemprichii + (Cyrnodocea rotundata, Syringodium isoetifolium and Halodule uninervis) + C. serrulata + E. acoroides. Burial under >4 cm of sediment must undoubtedly have caused the mortality of the small Halophila ovalis, which would have been totally buried. Yet, our results showed no evidence of any detrimental long-term effects of burial on H. ovalis. Indeed, H. ovalis has been shown to fully recover from the disturbance induced by dugong feeding in less than 2 mo (Supanwanid 1996) . We conclude that the time scale we used to observe responses (i.e. 2 mo) was too long to elucidate the dynamics of the fast-growing H. ovaljs, which produces a new leaf pair and rhizome internode every 4 d (Vermaat et al. 1995) . The experimental time scale represented a compromise between the relatively long studies needed to observe the full responses of slowgrowing (and slow-reacting) species, such as E. acoroides, and shorter studies more appropriate for fast-growing species. For the latter species our experiment allowed not only for the demonstration of response to disturbance, but also for the dynamics of early recovery. At any rate, the results on vertical seagrass growth presented provide evidence that the experimental duration was sufficient to capture the entire response to burial for this important trait.
Mortality of Thalassia hernprichii created large gaps in the canopy, which increased in size with increasing burial. These gaps may explain the fact that some of the small, fast-growing species, notably Halophila ovalis and Halodule uninervis, had reached densities in the high-burial treatment well above (4-to 5-fold greater) those in the controls by the end of the experiment (Fig. 2) . This response also suggests that interspecific competition might be important in shaping the mixed community examined. Hence, the loss of the dominant species triggers, at the small-scale of the disturbance tested, a response from the smaller ones, whose populations were presumably suppressed by the dominant species. The nature of the limiting resource affecting these interspecific interactions are, however, unclear, and may involve light, sediment space (Turner 1985 , Turner & Lucas 1985 , McConnaughay & Bazzaz 1991 , or nutrients, since the meadow examined is nutrient-limited (Agawin et al. 1996) . Longer disturbance experiments are needed to allow a description of the succession of plants towards a new dynamic equilibirum following disturbance (cf. Williams 1990) .
The changes in community structure in response to the experimental disturbance followed a pattern similar to those observed after natural or other experimental disturbances. Multispecific seagrass meadows have responded to disturbance with a n enhanced growth of fast-growing species (den Hartog 1971 , Birch & Birch 1984 , Brouns 1987a , Williams 1987 , 1990 , Clarke & Kirkman 1989 , Fourqurean e t al. 1995 , a t the expense of the gaps opened by the mortality of the dominant species (Kirkman & Walker 1989) . In a Caribbean multispecific seagrass meadow, the leaf shoot density of Syr~ngodium filiforme doubled within 9 mo after the removal of the leaf canopy of the dominant Thalassla testudinum (Williams 1987) . This initial response was followed by a decline in S. filiforme shoot density as T.
testudinum recolonized (WiUiams 1990) . Long-term manipulation of nutrient availability in a Caribbean seagrass meadow altered species composition, where faster-growing species (Halodule wrightii) displaced slower-growing T. testudinum (Fourqurean et al. 1995) . Our results show that some of the species (Cymodocea serrulata, Halophila ovalis, and Halodule uninervis) are able to recover within 4 mo after substantial perturbation. Simllar dynamics are also observed as a result of small-scale disturbances. Burrowing shrimps mobilise large volumes of sediment within tropical seagrass meadows (Suchanek 1983 , Ward 1989 . These shrimps build mounds, which occur at a density of about 3 m-' in the meadow examined (C. M. Duarte, J. Terrados & M. D. Fortes unpubl, results) , which turnover at a relatively fast rate. These mounts bury the adjacent seagrasses under up to 20 or 30 cm of sediment, and are rapidly colonised by H. ovalis. Halophila species are usually reported as the first colonisers of a disturbed area, usually followed by some Cymodoceaceae: Halodule, Cymodocea, Arnphibolis, or Syringodium (Brouns i987a. Cidrke & N&-man 1989) . The pattern of species recovery observed in the present experiment is consistent with this sequence of recolonization.
The response to burial also confirms previous suggestions of the importance of vertical growth. Burial has been shown, both in the field (Patriquin 1973 , 1975 , Marba et al. 1993 , 1994 and in laboratory experiments to stimulate the vertical growth of seagrass species with differentiated vertical shoots. Vertical growth increased in response to burial for all species with vertical shoots, except Cymodocea serrulata, which has the fastest vertical growth yet recorded for a seagrass species (Vermaat et al. 1995) and extends its vertical rhizomes into the water column. Hence, burial of C. serrulata does not lead to shading of the leaf-producing meristem, which is raised above the sediment, and fails to trigger a growth response similar to that observed in the other species, where vertical growth is a mechanism by which the leaf-producing meristem is raised to the proximity of the sediment surface. The importance of vertical growth as a component of seagrass response to perturbation is best illustrated by the time series of vertical growth of Thalassia hemprichii, which shows (1) an almost immediate increase in response to burial, and (2) a linearity between vertical growth and the extent of burial.
Increased vertical growth was coupled with a substantial (3-to 8-fold) increase in the frequency of branching of vertical shoots. Branching of vertical shoots leads either to the formation of a new vertical shoot, or to the formation of a new horizontal shoot. Both modes of branching were observed in response to burial, although most of the branching corresponded to the division of vertical shoots, which allowed the compensatory response towards increased shoot density observed in some of the species. The increased branching frequency reflects clonal responses to burial, which likely involve the release of apical dominance upon the mortality induced by the disturbance. The increase in branching rate observed in some of the species accounts for the increase In young shoots in the surviving populations of some of the species (e.g. Syringodium isoetifolium). Conversely, changes in age distribution of other species (e.g. Thalassia hemprichii) arose from reduced recruitment and selective mortality of young shoots. It is clear, therefore, that the regulation of the production or survival of young shoots is an important component of the response of the seagrasses to disturbance.
The importance of disturbance as a major factor in dynamic equilibrid ilcis been siressed iii einpiiica! and theoretical arguments (e.g. Sousa 1984 , Lewin 1986 . It is, for instance, conceivable that the maintenance of mixed meadows such as the one examined here is depeiideii: on :hc occurrence of c!ist_urha_n.c~ as sucgested in the past , Clarke & Kirkman 1989 , and that a static situation could lead to the occurrence of monospecific beds, provided that all species use similar resources (cf. Williams 1987 , Fourqurean et al. 1995 . Moreover, the disturbances needed can range greatly in size, from the 0.5 m scale of the disturbance associated with the sediment reworlung by burrowing shrimps to the >103 m scale of disturbances associated with hurricanes and typhoons (Birch & Birch 1984 , Preen et al. 1995 . The mosaic of species resulting from these disturbances, as well as the spatial scale of the patchiness derived, must be associated with the scale of the disturbance. The frequency of disturbance is inversely related to its size, so that comparisons of the importance of disturbance must be weighted over sufficiently large spatial and temporal scales. For instance, we observed a density of burrowing shrimp mounds of about 3 m-', each with an estimated life, based upon observations during the experiment, of a few months. We calculated that the entire meadow is reworked by burrowing shrimps every second year. The resulting frequency of disturbance (0.5 yr-l) derived from the activity of burrowing shrimps is much greater than that by typhoons, which swept the area only rarely (Fortes unpubl. data) . Hence, the cumulative importance of the small-scale but very frequent sediment reworking by burrowing shrimps cannot be neglected.
The patterns of species loss and recovery observed here support the predictions formulated based on consideration of growth rate and architecture of these species (Vermaat et al. 1997) . The patterns of recovery observed are dependent, however, on the proximity of survivors immigrating, through clonal growth, into the gap induced by the perturbation. Whether similar patterns of recovery would apply following the largescale loss of seagrasses remains unresolved, and depends on the factors controlling the seed sources over the disturbed area (e.g. morphology of fruit, proximity to reproductive stands, currents). The design of an experiment able to resolve the effects of such a large-scale disturbance is, however, logistically (and possibly legally) cumbersome. The alternative use of 'natural experiments' is, however, flawed by the lack of appropriate controls, which weakens the conclusions derived from them. The results presented here pertain to a disturbance (burrowing shrimps) which is small-scale (in space and time) but which, as stated above, may be more significant to the meadow studied than other, much less frequent large-scale events (tropical storms).
We showed here that sediment disturbances of a scale and magnitude similar to that caused by burrowing shrimps are sufficient to cause major growth and population responses in the Philippine seagrass meadow examined. The fact that the sequence of responses paralleled that postulated on the basis of species growth and architecture suggests that there is hope for the prediction of the nature and time scales of seagrass response to large-scale perturbation.
